regulative systems. The Argument-Delphi approach applied constitutes a useful method in pointing out dissent between the experts towards a legal requirement like a European standard.
Introduction
The European population is estimated to spend approximately 90% of their time indoors (Schweizer et al. 2006) . Indoor air quality has become an important issue with regard to health concerns (Jones 1999) . Improvements in building insulation for the sake of saving energy led to tighter building envelopes, which aggravate the indoor air exchange and the accumulation of pollutants in indoor air (Zhang and Smith 2003) . Indoor air is influenced by indoor climate conditions, such as temperature, humidity, light conditions or noise level (AgBB 2015) and by various indoor and outdoor pollutants, such as CO, CO 2 , particulate matter and volatile organic compounds (VOC) (Salthammer and Bahadir 2009) . These pollutants are released by a high number of possible natural and anthropogenic sources including construction materials which are an important indoor source of VOC (Wolkoff 2013; Buchter et al. 2002; Lin et al. 2009 ). Wood and wood-based products which are widely used as construction materials also emit specific VOC (Zhu and Shen 2016; Yu and Kim 2012) and thus affect indoor air quality (He et al. 2012; Kim et al. 2010) .
Some emissions of construction materials, including certain VOC are related to illnesses (Jones 1999) like the sick building syndrome or even cancerous disease (Buchter et al. 2002; Guo et al. 2004) , and therefore pose a risk to human health (Derbez et al. 2014) . No significant differences in VOC air concentrations based on the use of different materials (wood vs non-wood) was found in Nyrud Abstract As a result of the implementation of the CEmarking in the European Union, the testing method as defined in prEN 16516 is about to become the new volatile organic compounds (VOC) testing standard and replace a multitude of testing methods and regulative systems in Europe that assess the existence of VOC in building materials, including wood-based materials. The aim of this study is, first, to compile expert positions regarding testing methods and regulative systems for VOC in wood-based materials, and second, to examine the suitability of using an Argument-Delphi approach to point out consent or dissent regarding testing methods for VOC. A systematic content analysis of initial interviews with 13 experts produced 130 arguments which were subscribed to 13 categories, resulting in 6 potential positions of which 5 were actively taken by experts. While the second step was undertaken as a cross verification of the analysis, the experts were asked to choose a final position as a last step. It was observed that several experts changed their initial position to testing methods and regulative systems for VOC, but still without a consensus arising within the expert panel. Hence, the results of the study reveal that no verifiable consent exists within the group of experts-neither concerning testing methods, nor 1 3 et al. (2012) . Further studies showed that some wood-based building materials act as diffusion barriers or as emission sinks (Niedermayer et al. 2013; Höllbacher et al. 2016) .
For this reason, tests are conducted to measure VOC emissions from construction products (Eichholzer et al. 2010; Ojala et al. 2006) . These tests are mostly conducted according to the specifications defined in the standards of the ISO 16000ff series. The main test set-ups are inert test chambers as defined in ISO 16000-9 (DIN 2006). The construction products regulation (CPR) of the European Union (EU), which is effective since July 2013, is the starting point for international VOC regulative systems. The CPR demands that "construction works be designed and executed so as not to endanger the safety of persons, domestic animals or property nor damage the environment" (The European Parliament and the Council of the European Union 2011). In particular, this may not occur by "emissions of dangerous substances, volatile organic compounds (VOC), greenhouse gases or dangerous particles into indoor or outdoor air" (The European Parliament and the Council of the European Union 2011). However, the specification of the regulative systems is still reserved to individual member states (The European Parliament and the Council of the European Union 2011). Compulsory VOC regulations can be found nowadays in Germany, France and Belgium (Eurofins 2016) .
In the foreseeable future, VOC emission tests on construction products will be required to obtain the CE label (Oppl 2014 )-which requires a harmonized testing method at EU level (Oppl 2014) . A proposed new horizontal testing method is based on the ISO 16000 series and was first defined in the technical specification CEN/TS 16516 which is now published as draft standard prEN 16516 "Construction products-assessment of release of dangerous substances-determination of emissions into indoor air" (Oppl 2014) .
The decision on a horizontal testing method for Europe is one of the requirements for including VOC emissions in the CE label of a product or product group. Furthermore, the individual harmonized product standards have to be adapted to include VOC measurements. The subsequent assessment of VOC emissions requires either a European regulation on VOC or, if such a regulation is nonexistent, national assessment criteria. Once these requirements are fulfilled the testing method as defined in the prEN will become obligatory also in the wood-processing industry (Oppl 2014) . When testing for VOC emissions of wood and wood-based materials problems arise. VOC emissions from wood products vary depending on the processed wood species and the production process (Jensen et al. 2001) . Further obstacles for testing result from the inhomogeneous character of the natural material, which make it difficult to establish reproducible test results (Eichholzer et al. 2010; Yrieix et al. 2010 ). Due to these difficulties, the use and viability of the standardised testing methods as basis for possible regulative systems for wood products is heavily discussed. Therefore, the objective of this study is gathering assessments to identify consent and dissent within the expert panel regarding testing methods and regulative systems of VOC emissions from wood-based materials. A consensus could demonstrate which testing method and which regulative system in the EU is actually preferred by experts. Therefore, research questions investigated are:
• Which testing methods and regulative systems for the determination of VOC of wood-based materials are considered appropriate by experts? • To what extent is Argument Delphi suitable to point out consent or dissent within the expert panel?
Materials and methods
To investigate the research questions, a Delphi approach (Häder 2009; Linstone and Turoff 1975; Stern et al. 2012; Sutterlüty et al. 2017 ) was chosen to conduct a survey among experts from relevant industries and research organisations. The Delphi method is an explorative and multistep survey technique, based on a panel of experts, which are iteratively questioned and confronted with results of former steps. The anonymity of the participants and the feedback are the fundamental elements of the Delphi method (Gordon 2009 ). Argument Delphi is a variant of the Delphi method to aggregate ideas (Ammon 2005) . The Argument Delphi according to Kuusi (1999) builds on a multistage classification system and presents different lines of argumentation. For the expert panel, it is not the sample size but the coverage of a broad range of expertise which is essential in Argument Delphi (Rikkonen and Tapio 2009 ). Argument Delphi is not only capable of depicting consent but also dissent. This is relevant because the divergence in an expert panel can also point out relevant issues (Rikkonen and Tapio 2009) . In this study, the Argument Delphi is conducted in three consecutive rounds, beginning with expert interviews, followed by data verification by the experts and finalizing with the expert's positioning.
State of the art literature regarding VOC emission measurement and testing methods (e.g. AgBB 2015; Derbez et al. 2014; DIN 2006; Eichholzer et al. 2010; Eurofins 2016; Guo et al. 2004; He et al. 2012; Höllbacher et al. 2017; Jensen et al. 2001; Jones 1999; Kim et al. 2010; Lin et al. 2009; Niedermayer et al. 2013; Nyrud et al. 2012; Ojala et al. 2006 , Oppl 2014 ; The European Parliament and the Council of the European Union 2011; Wolkoff 2013; Yu and Kim 2012; Zhu and Shen 2016) was reviewed prior to the development of the interview guideline. A pre-test with researches active in the field of VOC research helped to verify the interview guideline.
Thereafter, potential experts for the panel were identified based on knowledge and experience. To create a broad range of expertise, it was the aim to integrate various relevant sectors into the survey: wood-processing industry, private research institutions, state research institutions, university research institutions and measuring institutes. The selection of experts was based on the subsequent literature research as well as on recommendations of experts who confirmed their participation (snowballing). Thus, a list of 60 experts was compiled, from which 13 experts were willing to participate. The participating experts came from France (4), Austria (3), Germany (2), Belgium (1), Finland (1), Poland (1) and Sweden (1) representing wood-processing industry (2), private research institutions (2), state research institutions (4), university research institutions (3) and measuring institutes (2).
After completing the preparatory actions, the Argument Delphi exploration was conducted in the period from July until October 2014 either face-to-face, by telephone or via Skype call. The study proceeded in three rounds according to Kuusi (1999) :
• Delphi round 1: expert interview
In the first round, assessments were conducted in form of qualitative expert interviews with each of the participating experts, using a semi-narrative semi-structured interview to enable queries, to control the flow of conversation and to give the interviews structure and comparability (Häder 2009; Kruse 2014; Meuser and Nagel 2009 ). The interview guideline was sent to the experts in advance. Thereafter, the interviews of the first round were transcribed, their arguments were categorised, reduced content wise and summarised using the content analysis software MAXQDA.
• Delphi round 2: data verification by the experts
The intermediate results (summary of round 1) were sent out to all experts to inform them about all arguments stated and to verify the arguments. The experts would give feedback, if some arguments were misinterpreted. The arguments were densified and thereof, six different positions were derived (see Table 2 ). Every expert was assigned to one position due to the statements given during the expert interview (first round).
• Delphi round 3: experts' positioning
The six positions were presented in a decision tree (see Fig. 1 ). This figure was sent to all participating experts, who were asked to decide on their positions. They also had the possibility to revise or change their former assessment.
Results
In the first Delphi round, 13 experts were interviewed. In total 130 arguments were derived by their interviews, which were subdivided into 13 thematic categories like "harmonized testing method", "limit values" or "excluding woodbased materials from VOC regulations" (see Table 1 ). On average, ten arguments were given by each interviewed expert.
After conducting the first and the second Delphi round, the arguments were condensed and summarised. From 13 argument categories, five different expert positions were developed (see Table 2 ). Position 6 (harmonized testing method with a harmonized classification system) was not explicitly expressed by the experts arguments, but can be derived as a logical combination of possible arguments and is therefore mentioned to complete the range of positions.
With the arguments and statements of the experts, each expert was assigned to a position. Due to the fact that the positions described in Table 2 follow a logic hierarchy of typical yes-no-decisions, a four stage decision tree was developed (see Fig. 1 ). In the third Delphi round, the experts could decide which position they prefer, using the developed decision tree. Figure 2 shows the experts' positions during the first and the third Delphi round. Four experts stuck to their position, six experts changed their position (indicated by the bold arrow) and three experts opted out of the survey (indicated by the lined arrow). The changes can be analysed considering the expert origin as well as their sector. Overall, the high rate of turnover on country as well as on sector level is surprising. A partial explanation for the rather high turnover rate might be the arrangement of the survey: in round 1, the experts are caught in their position and do not think of another position. In round 3, the decision tree gives an overview of all possible positions and enables the opportunity to choose the most preferred position. An according hypothesis can be supported by the fact that, for example, all French experts initially agreed on one position in round 1, and spread in round 3. Furthermore, the experts of the industrial sector disagreed in round 1, but concurred in round 3.
The results show further, that it was not possible to reach consent with the participating experts regarding a specific testing method or a regulative system for measuring VOCs in wood-based materials.
Regarding testing methods, the following expert assessments were conducted: several experts appreciate a harmonized testing method. They see cost benefits for the wood-processing industry due to the fact that multiple tests disappear. However, not all of the experts judge the prEN 16516 to be appropriate for testing VOCs in wood-based materials, and recommend therefore a standardised test chamber size, which is large enough (at least 1 m 3 ) to get reproducible test results of inhomogeneous wood-based materials in different laboratories. For the same reason, they propose a broader range for the parameters humidity and temperature. Some experts were concerned that the harmonised testing method is not perfectly oriented on the market needs, as it is an entirely political issue. They also criticised that the mandatory completion of the testing Regarding regulative systems, the French system "Émissions dans l'air intérieur" received several positive arguments like the ability of the costumer to decide about a product purchase and not a categorical prohibition of a product when exceeding the limit values. In addition, the better comparability of the emission values within laboratories appeals to the experts. The German AgBB system is being perceived as comprehensive and precise due to its requirements to testing and limit value method, but, compared to the French regulative system, the comparability of inter laboratory tests is missed.
However, it is important to note that these perceptions are based on the individual statements of the experts interviewed in 2014. The comparability of inter laboratory tests for example may have been subject to experiments lately and due to such scientific results expert's perceptions may change. Harmonised testing method with nationally varying classification systems
The French system is appealing, because it lacks the "German stubbornness". In Germany a product is approved or rejected. Within the French system, the market and therefore consumers have the ability to decide for themselves whether or not to acquire a specific product I am not fond of limit values because they restrict the consumer's ability to decide freely 5 Harmonised testing method with harmonised limit value system We do need a European "overall system". A harmonised testing system is the first step towards this goal. Now we need an evaluation system and following a limit value system. The European commission already went towards this by proposing LCI values for several substances The Joint Research Centre (JRC) of the European Commission has already harmonised a number of limit values of different member states. These are implemented in the new Belgium regulation. The JRCs list of harmonised limit values is shorter than the mandatory list of Germany. Therefore, the Belgium regulation uses the German values complementary 6
Harmonised testing method with harmonised classification system No arguments were named for this position 1 3
Discussion and conclusion
The three-step Argument-Delphi approach applied in this study produced two main results. The development of the decision tree on expert positions regarding VOC regulation illustrates the first result. Given the controversial discussions on this topic, its value is based on the systematic structure referring to underlying arguments. The second notable result is the observation that several experts decided to change their predominant positions after being confronted with the decision tree (a broader range of possible positions). Based on the 13 participating experts no systematic pattern behind expert positions was observed considering nationality or professional (sector) background. Hence, the results of the study reveal, that no verifiable consent exists between the experts-neither concerning testing methods, nor regulative systems. A participation in a survey like the one presented in this study might be a source of information and facilitate learning about different positions. Clear positioning requires a clear opinion on something, hence opinions may not yet have been clear in this learning stage. While other studies applying argument Delphi have already reported frequent changes in expert opinions (Makkonen et al. 2016 ), the present study could not observe the frequently reported tendency to adjust opinion to majorities, maybe because of a lack of clear majorities in the first round. As with every expert-based research design, limitations regarding sample selection must be taken into account. A different or larger set of experts may have led to other results in particular regarding frequencies in particular positions. Therefore, the absolute and relative frequencies observed in particular positions in the first or third round shall not be overrated. However, the general structure of the decision tree as well as the pattern of experts changing positions is unlikely affected by other or larger panels as long as expert diversity is considered. As a matter of theoretical saturation the number of additional experts to be considered in order to add further branches to the decision tree can be expected as disproportional. However, in this study no arguments were found to derive the complementary position numberstarting point for further research in technical, social and policy related research disciplines.
The Argument-Delphi approach, although seldom applied to such a technical context (Rodgers et al. 2016) , has been found a useful method in pointing out dissent between the experts with regard to a legal requirement like a European standard. The research design used in this study could be replicated some years after the implementation of prEN 16516 to evaluate how such an implementation may affect expert opinions in the medium term.
